Tennessee State University

Digital Scholarship @ Tennessee State University
Information Systems and Engineering
Management Research Publications

Center of Excellence in Information Systems
and Engineering Management

5-1991

The Extraordinary 1989 December 14/15 Optical Flare Events on
V711 Tauri
Gregory W. Henry
Tennessee State University

Douglas S. Hall
Vanderbilt University

Follow this and additional works at: https://digitalscholarship.tnstate.edu/coe-research
Part of the Stars, Interstellar Medium and the Galaxy Commons

Recommended Citation
Henry, Gregory W. ; Hall, Douglas S. "The Extraordinary 1989 December 14/15 Optical Flare Events on
V711 Tauri" Astrophysical Journal Letters v.373, p.L9 (1991)

This Article is brought to you for free and open access by the Center of Excellence in Information Systems and
Engineering Management at Digital Scholarship @ Tennessee State University. It has been accepted for inclusion in
Information Systems and Engineering Management Research Publications by an authorized administrator of Digital
Scholarship @ Tennessee State University. For more information, please contact XGE@Tnstate.edu.

19 91ApJ. . .373L. . .9H

The Astrophysical Journal, 373:L9-L12,1991 May 20
© 1991. The American Astronomical Society. All rights reserved. Printed in U.S.A.

THE EXTRAORDINARY 1989 DECEMBER 14/15 OPTICAL FLARE EVENTS ON V711 TAURI
Gregory W. Henry
Center of Excellence in Information Systems, Tennessee State University, 330 10th Avenue North, Nashville, TN 37203
AND
Douglas S. Hall
Dyer Observatory, Vanderbilt University, Nashville, TN 37235
Received 1991 January 15 ; accepted 1991 March 4
ABSTRACT
Photometry in B and V taken with the Vanderbilt-Tennessee State 16 inch (41 cm) robotic telescope confirms the intense broad-band optical continuum flare activity reported by Chinese observers on the active
chromosphere binary V711 Tau on 1989 December 14/15. Twelve hours after the flare reported from China,
there occurred a separate and more intense flare with B and V amplitudes of 0.69 and 0.42 mag, respectively.
These amplitudes correspond to peak flare luminosities of approximately 2 x 1033 ergs s-1 in B and 1 x 1033
ergs s 1 in F. The observed color of its excess light implies that the flaring region covered approximately 8%
of the surface of the K1 subgiant star on which it erupted. Although the shape of the light curve was
unchanged after the flare, the mean brightness of the star was enhanced by 3% in B, and it required nearly 3
months to decay to its preflare mean brightness. This is the first confirmed and, by far, the brightest example
of broad-band optical flaring activity on an evolved, magnetically active star more luminous than the Sun.
Subject headings: photometry — stars: binaries — stars: flare — stars: variables
A remarkable optical flare on the bright RS CVn binary
V711 Tau ( = HR 1099, Kl IV -h G5 V-IV) on 1989 December
14/15 was reported by Zhang et al. (1990). The flare was
observed to have amplitudes in broad-band U, B, and V of
0.61, 0.27, and 0.18 mag, respectively, with a total duration of
about 4.5 hr. In the past, radio flares of V711 Tau have been
observed on several occasions (Weiler et al. 1978; Feldman et
al. 1978), and significant variations have occurred in the satellite ultraviolet chromospheric and transition region emissionline fluxes (Dorren & Guinan 1990). Agrawal & Vaidya (1988)
found X-ray intensity variations correlated with orbital phase
and also saw X-ray flaring on time scales of about 1 hr.
Optical continuum flares, however, have never been satisfactorily confirmed in the 15 yr history of regular photoelectric
observations of this star, which began with the discovery of its
optical variability by Landis & Hall (1976). A possible flarelike
event on 1976 October 3 UT was reported by Landis et al.
(1978). On that night V711 Tau apparently brightened by 0.15
mag in V in the course of about 1 hr. However, an examination
of the original strip chart recording of this event (Lovell 1990)
revealed that the data were taken when the transparency was
varying by 5%-10%, so the flare very likely was not real.
During the great radio noise storm of 1978 February (Feldman
et al. 1978), Chambliss et al. (1978) obtained photoelectric
observations in V that showed no change in the shape, amplitude, or mean brightness of the optical light curve. On 1979
November 30 UT Guinan et al. (1979) found the star anomalously bright by 0.06 mag in an intermediate-band Ha filter.
Observations in B and V by Bartolini et al. (1983) made 8 hr
earlier showed no sign of the brightening. Linsky et al. (1989)
observed an ultraviolet flare with the IUE satellite on 1981
October 3 UT that coincided with a radio flare. During the
flare, two observations with the fine error sensor (FES) on
board the IUE indicated a brightening of 0.06 and 0.10 mag in
F, but the reality of the brightness increase was questioned
because of the inherent inaccuracies with the FES. In a discussion of flares on RS CVn binaries, Catalano (1990) noted

that the only unquestioned optical flare events on RS CVn
stars have occurred on short-period binaries, i.e., those with
dwarf components. He further pointed out that the absence of
white-light flare detections in regular and long-period RS CVn
systems containing evolved stars is not due purely to a contrast
effect but may be intrinsic to these stars. Lacking confirmation
of any continuum flare on V711 Tau or on any other chromospherically active star with evolved components more luminous than the Sun, and because of the great energy that would
be involved in such flares, Hall (1987) concluded that such
events with amplitudes above a few percent probably do not
occur.
The 1989 December 14/15 flare observed from China was
brighter by far than any previously reported on any active,
evolved star and provides strong indication that broad-band
flares do, in fact, occur on these stars. The brighter Kl IV
component of V711 Tau, with a radius of 3.9 ± 0.2 solar radii
(Fekel 1983), is the more active of the two components and is
presumably the source of the flare. With 20 or more observations taken with U, B, F, H/?-wide, and H/?-narrow filters over
the entire course of the 4 hr flare, the reality of this flare seems
well established. Yet, as dramatic as this flare appears to have
been, it was but a precursor to an even more intense flare
detected 12 hr later by the Vanderbilt-Tennessee State 16 inch
automatic photoelectric telescope (APT) located on Mount
Hopkins in southern Arizona (Genet & Hayes 1989). V711 Tau
has been observed by APTs each year since 1983 (Strassmeier
et al. 1989; Henry & Hall 1991) as part of a program to
monitor brightness variations in B and F of chromospherically
active stars and has been on the 16 inch APT observing menu
since 1987. Figure 1 shows the B data for the 1989-1990
observing season, where phases have been calculated with
Fekel’s (1983) orbital ephemeris
Tconj(Kl star in front) = 2,442,766.080 + 2?83774£ .

(1)

Each data point is the mean of three differential observations
made with respect to the comparison star 10 Tau (F = 4.28,
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Fig. 1.—The 1989-1990 B light curve of V711 Tau from the 16 inch APT.
Each point is the mean of three differential observations in the sense of V711
Tau minus 10 Tau. Phases are computed with the ephemeris in eq. (1). A spot
wave with a full amphtude of 0.077 mag and a minimum at phase 0.19 is
present. The two circled points show the flare that occurred on the night of
1989 December 14/15.
B—V = 0.58) and has been corrected for differential extinction
and transformed to the Johnson system. Since the APT
observes on any night that it can find stars and so gathers data
in nonphotometric conditions, only data with a standard error
of the mean less than 0.02 mag are shown in the figure and used
in this analysis. The light curve exhibits a low-amplitude sinusoidal wave, very typical for this star, that is the result of modulation of the light by spots on the K1 star rotating in near
synchronism with the orbital period (Bartolini et al. 1983). The
two circled points, each also the mean of three differential
observations, show the dramatic brightness increase on the
night of 1989 December 14/15.
Because our flare observations are very limited and were
made by a robotic telescope with no human observer at the
site, it is important to consider whether some condition
occurred to mimic the appearance of a flare. An examination of
all the differential observations made by the telescope on the
night of the flare indicates very good photometric conditions
prevailed all night long. All dark counts and sky counts were
normal. The raw count level of the comparison star 10 Tau was
consistent with what it had been on nights preceding and following the flare. The raw count level of V711 Tau, however,
was higher than normal in both B and V, indicating V711 Tau
itself was responsible for the anomalously bright differential
magnitudes. Table 1 gives these differential magnitudes of the
flare observations along with the differential magnitudes of the
check star, all relative to 10 Tau. The errors quoted are standard deviations of the mean and show all measurements are of
good quality. In Figure 2, all check star (12 Tau) observations
in B for the entire season are plotted. The circled points were
made on the night of the flare and are in good agreement with
those made during the rest of the season. The check star obser-

Fig. 2.—Differential B light curve of the check star (12 Tau) in the sense of
12 Tau minus 10 Tau for the 1989-1990 observing season. The two circled
points were taken on the night of the flare (ID 2,447,875.7) and agree well with
observations taken throughout the season.
varions in V show equally good agreement on the night of the
flare. No other unusually bright measurements of V711 Tau
have been found in any preceding APT data. There is little
room to doubt the reality of these flares on 1989 December
14/15, and we now have strong indication that intense optical
continuum flares can occur on evolved, magnetically active
stars.
Least-squares sine fits to the B and V data sets for the 19891990 observing season, excluding the flare points, resulted in a
full amphtude of0.077 ± 0.005 mag for the spot wave in B with
a minimum at orbital phase 0.19 ± 0.01. The results in V were
nearly identical. The residuals from the sine fits in B and V are
shown in Table 2, to define the flare. Figure 3 plots the B
residuals for several days around the flare events. The solid line
shows schematically the 4.5 hr flare seen by Zhang et al. (1990).
The flare observed by the 16 inch APT is not a continuation of
that flare but is an apparently separate event occurring 12 hr
later and having over twice the amphtude. If the first APT
observation was made near maximum light and the shape of
this second flare was similar to the first, its duration would be
around 6-7 hr, compared to 4.5 hr for the Chinese flare.
As pointed out by Henry & Hall (1991), V711 Tau has a
visual companion 6" away that is included in the focal plane
diaphragm of the APT whenever it measures V711 Tau. Eggen
(1966) gives the V, B, and U magnitudes of this companion as
8.83, 9.82, and 10.61, respectively. From the equivalent widths
of their spectral lines, Fekel (1990) derives 6.30, 7.29, and 8.09,
respectively, for the V, B, and U magnitudes of the Kl IV
component of V711 Tau and 7.23, 7.89, and 8.09 for the G5
V-IV component. From the amphtude of the flare observed
with the APT and the magnitudes of the three components, it
follows that the flare itself had an intensity 1.47 times that of
the K1 subgiant component in the B and 0.73 times the K1 star
in the V. From the same data, the (B—V) color of the flare is

TABLE 1
Differential Magnitudes of Flare Observations with the 16 Inch Automatic
Photoelectric Telescope
HJD

AB(V711 Tau)

AK(V711 Tau)

AB(Check)

AK(Check)

2,447,875.6538
2,447,875.7686

1.099 ± 0.010
1.661 ± 0.003

1.048 ± 0.003
1.377 ± 0.004

1.640 ± 0.006
1.657 ± 0.005

1.279 ± 0.005
1.263 ± 0.013
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TABLE 2
Flare Residuals from Sine Fit
HJD
2,447,875.6538

B Residual (mag)

V Residual (mag)

-0.687
-0.120

- 0.424
- 0.088

determined to be 0.67 mog bluer than the combined color of
the whole system. The average (B — V) of the system for the
1989-1990 observing season was 0.90, resulting in a (B— V) for
the flare of 0.23, equivalent to that of an A8 star (Johnson
1966). Assuming the flare radiates like an A8 V star, its (F —R)
color can be estimated to be 0.23 (Johnson 1966). Similarly, the
(V-R) color of the K1 star should be 0.70. The relative surface
brightness of the flaring area to the surface brightness of the
K1 star, estimated from the Barnes-Evans relation for
(F-R) < 0.73 found in Eaton & Poe (1984), should be 8.8 in
F. This, in turn, implies that the total surface area of the flare is
approximately 8% of the projected surface area of the K1 subgiant. A similar calculation using the Chinese data on the
earlier, less intense flare indicates a surface coverage of approximately 6%, nearly identical to the APT flare.
From the ratio of the intensity of the flare to the intensity of
the K1 star and the magnitude of the K1 star given above,
along with the distance of 35.7 pc (Jenkins 1963) and the absolute flux calibrations given by Johnson (1966), the peak luminosity of the APT flare was estimated to be 2 x 1033 ergs s 1
in B and 1 x 1033 ergs s"‘ in F. Similar calculations for the
smaller Chinese flare gave Lv, LB, and Lv of 4 x 1032,
6 x 1032, and 4 x 1032 ergs s'1, respectively. In comparison,
red dwarf flare stars have peak luminosities in U ranging from
approximately 5 x 1026 to 6 x 1031 ergs s“1 (Shakhovskaya
1989). Taking the luminosity in 1/ to be approximately the
same as the luminosity in B (Byrne 1983) and using the relations between total energy in U, total energy in the optical, and
total bolometric energy given by Pettersen (1989), the total
energy of the APT flare in U can be estimated to be 1 x 1037
ergs, assuming a flare duration of 6 hr, while the total bolometric luminosity is estimated at 2 x 1038 ergs. The (B—V)
color of the flare is well within the range of flare colors given by

Fig. 3—The residuals in B from the sine fit to the spot wave for a few days
before, during, and after the flare events, as determined from data by the 16
inch APT. The two circled points show the flare on 1989 December 14/15. The
solid curve represents schematically the 4.5 hr flare seen from China. The flare
observed by the APT is not a continuation of that flare but is an apparently
separate event occurring 12 hr later.
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Fig. 4—The residuals in B from the sine fit to the spot wave for the entire
19g9_1990 observing season. The vertical bar separates the preflare and postflare data. A sudden discontinuity at the time of the flare indicates a postilare
brightness increase of 3% that took nearly 3 months to decay to the preflare
brightness level.
Byrne (1983), and the decay time is consistent with the trend
shown in Figure 3 of Pettersen (1989).
Energetic flare events have been observed in regular and
long-period RS CVn stars in wavelength regions other than the
optical. Bahúnas, Guinan, & Dupree (1984) detected a large
flare on A And (G8 IV-III) in the satellite ultraviolet lasting for
5 hr, for which the total energy output in the ultraviolet was
observed to be approximately 1035 ergs and the total bolometric energy output estimated at 1036 ergs. Charles, Walter,
6 Bowyer (1979) observed intense flaring activity in the soft
X-ray on DM UMa (BD +6101211) (K0-1 IV-III) lasting for
several days. Peak luminosity in the 0.2-2.8 keV band was
2 x 1032 ergs s'1 with a total energy output in the X-ray over
the several day duration of the activity of 4 x 1037 ergs. The
flares observed on V711 Tau not only represent the first confirmed examples of optical flaring on evolved, luminous stars
but also are probably the most luminous optical flares
observed on any star. Total bolometric energy may also have
exceeded any other flare event.
Perhaps as intriguing as the flare itself was the effect it had
on the light curve of the star in the weeks following the flare.
Residuals of the light curve from the sine fit to the spot wave in
B, for the entire observing season, are plotted versus Julian
Date in Figure 4. The vertical bar separates the preflare and
postflare data. A sudden discontinuity in these residuals at the
time of the flare indicates that, after the flare, the star remained
about 3% brighter in B than it had been before the flare. V711
Tau gradually decayed to its normal level during the 3 months
following the flare. Similar behavior was observed in F except
that the increase in brightness at the discontinuity was only
2%. No change in the shape of the light curve was seen, nor
was there any phase dependence of the residuals in the postilare data. Either the star as a whole remained bright after the
flare or the decaying hot spot was circumpolar. With a low
inclination of 33° (Fekel 1983; Henry & Hall 1991), the latter is
a good possibility. Doppler images by Vogt (1988) reveal that
polar spots on V711 Tau are common.
Clearly, this was a very rare event on V711 Tau, having been
observed on only one night out of 15 years of regular photometric observing. Indeed, no similar event has ever been seen
on any other magnetically active star more luminous than the
Sun. The (B- F) color of the flare indicates that the surface
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area of the flaring region must have been comparable in size to
the large spots that can modulate the light of the system 20%
or more. With respect to peak luminosity, total energy output,
long-term brightness changes, and size of the area affected, the
events we and the Chinese have observed may not be at all
akin to flares commonly observed on the Sun and on the UV
Ceti-type flare stars. Perhaps we are dealing here with a very
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